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0 Immunostlmulalory remedies containing palindromic DHA seiquencas. 

© Sirigle-stranded, linear polydeoxyribonucleotides. with a base number of 10 to lOO containing at least one 
structure represented by the'tollowing general fbrmula: 

5'-X„'*'X»X8X,YiYaY3'^''Y,-3' 0) 

( wherein n is an Integer. Ih)m 3 to 50; Xt. X«. Xa, >Q, and Y,. Ya. Y,, Y„ are each a 
moncdeoKyrlbonucleotide: Xi . Xi. Xj/ • • and X„ may be the same or different nucleotides: and bases in Xi and 
Yi. in Xa and Ya. in X3 and Y3. in • • *, and in X« and Yn are complementary with each other as defined by 
Watson & Crick ), and double-stranded. linear polydeoxyribonucleotides. In wWch at least one single-stranded, 
linear polydeoxyrlbonucleotide contains at least one slwcture represented by the general fomiula (l). both show 
strong immunostimulatory acthriiy. 

Thus, remedies containing, as active ingredient, such a specific poiydeoxyribonuieotlde as dsecribed above, 
or a salt thereof, are efficadous against malignant tumors, infectious diseases. Immunodeficiency diseases and 
autoimmune diseases, with minimized sWe-effects, 
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This' invention relates lo immunostinnulatory remedies capable of an^esting and curing diseases 
susceptible to medicines having immunopharfnacological activity, such as malignant tumors. Infectious 
diseases, immunodeficiency diseases and autoimmune diseases, by modifying the function of the immune 
system. 

s Bacterial preparations, polysaccharides, a variety of low-molecular compounds such as levamisole. and 
various cytokines such as interferon, have been used or investigated as the Immunostlmuiatory remedies 
against malignant tumors. Infectious diseases, immunodeficiency diseases and autoimmune diseases. 
However, these remedies do not exhibit satisfactory therapeutic effects and cause a variety of unfavorable 
side effects. Hence, there has been a demand for highly efficacious remedies with minimized side effects. 

to On the other hand, some attempts have also been made to apply nucleic adds to the above purposes. 
The complex of polylnosinic acid and polycytldyllc add, which is a synthetic polyribonuleotide ( hereinafter 
abbreviated as RNA ). enhances the activity of mouse natural killer cells ( hereinafter abbreviated as NK 
cells ) which are members of the Immune system, and promotes the production of Interferon ( hereinafter 
abbreviated as IFN ) which is a regulatory substance in the immune system. It was also proved to be 

fs efficadous against experimental tumors presumably by immunological mechanism(s). 
Djeu, J.Y., et al.; J. tmmMnoU 1^ 175-181 ( 1979 ) 
Levy. H.B.. el al4 Pfoc HaA. Acad. Sd.,U.SA, 62. 357-361 ( 1969 ) 

It was reported that a complex of poiyadenylic add and polyuridyltc add ( a synthetic RNA ) is also 
efficadous against experimental tumors. 

20 Lacour.F.,etal.: Cancer Res.. 32. 648-649( 1972) 

However, these RNAs also cause marked side effects, such as fever, and hence have not yet been put 
into practical use. 

The present inventors fomieriy discovered that synthetic polydeoxyribonucteotWes ( hereinafter abbre- 
viated as DNAs ) have immunopharmacological activity and are efficadous against malignant tumors as 
23 synthetic RMAs are. ( Japanese Patent Kokai No,33222/1984 ). Unlike the synthetic R^fAs. these synthetic 
* ONAs may presumably be useful remedies because of their minimized side effects, such as fever, but 
involve the fbllowing problems. 

(1) The molecular weight must be high ( 30000 Da or more ) to ensure a satisfactory pharmacotogical 
activity, and tills requires enzymatic synthesis. The products thus obtained, when used as a drug, can 

00 contain enzymes left unremoved and are very unsatisfactory In terms of safety. 

(2) It is difficult by enzymatic synthesis to accurately control the molecular-weight distribution of the 
pmducts. and hence the molecular-weight distribution Is generally different among production kits. This 
is unfavorable In tenms of spedfication setting for drugs. 

Accordingly, when a DMA Is employed as a drug, it is most desirable to adopt ttie one prepared by 
3S chemical synthesis witiiout using, any enzyme, biit it is difficult to synthesize a DMA having a molecular 
weight of 30000 Da or more at the present technological leveL 

^ On the other hand, low-mdecular Of^ which can be easily syntiiestzed chemically «9 generally low 
In pharmacokiglcai activity and are not generally useful as drugs. 

The object of tills Invention Is to provide Immunostimulatory remedies containing, as the active 
40 Ingredient a chemically prepared OIMA, which are high In safety and exhibit enhanced efficacy and 
usefulness as dnjgs. 

To solve ttie problems described above, ttie present inventors had continued intensive studies by 
syntfresizlng DNAs with various base sequences, and found that ONAs carrying a spedfic kind of base 
sequences have strong immunostimulatory adhrity. This invention was accompUshed on the basis of these 
4S findings. 

Thus, this Invention relates to Immunostimulatory remedies containing, as tine active ingredient a 
single-stranded, linear polydeoxyribonucleotide witti a base number qf 10 to 100 contain&ig at least one 
structure represented by ttie foltowing general formula: 

so S*-)f'X3XzXiYiYaY3---Y„.3' (j) 

< wherein n Is an integer from 3 to 50; Xi, Xz. Xa,*** . X« and Yi. Y,, Y,.*-* . Y« are each a 
monodeoxyribonucleotide; Xi. Xa, Xa. • ••and X„ may be ttte same or different nucleotides: and bases In 
Xi and Yt, in Xa and Ya, In Xa and Ya, in and in X^ and Y^ are complementary witii each ottier as 
ss defined by Watson & Cricl< ) or a salt ttiereof, and to immunostimulatory remedies containing, as ttie active 
ingredient a double-stranded, linear poiydeoxynlranudeotide or a salt ttiereof, in which at least one single- 
stranded, linear polydeoxyribonucleotide contains at least one structure represented by ttie general formula 
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The structure represented by the general formula (I) of this invention is a sequence of monodeox- 
yribonucleotides called palindromic structure, in which Xi and Yi . Xa and Ya, and Yj."**" . and X« and 
.Y„ are complementary wim each other as defined by Watson & Crick. A palindromic structure generally 
means one of the symmetric stmctures found in a double-stranded DNA, and these structures are the 
5 recognition site for many kinds of restriction enzymes. In this invention, this stnjctural nomenclature 
commdnly employed for double-stranded DNAs is used also for single-stranded DMAs, for convenience, 
and the staictura represented by the general formula 0) is hereinafter called the pafindromfe structure or 
palindrorrves. 

What Is tb be noticed here is that the single- or double-stranded ONAs which are entirely composed of 
ra alternately repeated sequence of only two types of monodeoxynucleotides { for example. G and C. or A and 
T ) cannot achieve the purpose of this invention, "n" In the general formula (I) is an integer from 3 to 50. 

The following sequences are examples of the desirable structure gf the present inventfon.wherein Q is a 
deoxyguanylic add, A is a deoxyadenylic acid, C is a deoxycytidylic acid and T is a deoxythymidyllc acid, 
and wherein the left side is S*-tennlnal and the right side is 3*-terminal in each sequence: 

IS 

GAGCTC, TAGCTA, AGGCCT, CATATC, TGTACA, GTTAAC, GATATC, 
GGGCCC, TTGCAA ( n « 3 ) 

20 

GTAGCTAC, AAGGCCTT, GGATATCC, CAGGCCTG, GCATATGC, GTGTACAC, 
AGTTAACT { n =» 4 ) 
25 AGTAGCTACT, GAAGGCCTTC, AGGATATCCT, GCAGGCCTGC, 
AGCATATGCT (n=5) 

30 To achieves thd purpose of this Invention, it is more desirable that one or more of the 5'-CG-3' structure 
be^ mdtiitedirT the sirueture represented by the general Ibrmul8 .(i). As examples of such a stmcture, may 
be mentioned the following sequences: 

«- 

„ CGATCG, ATCGAT, TCGCGA, AACGTT, GCGCGC, CGTACG, AGCGCT, 
CGGCCG, GACGTC, GTCGAC, CGCGCG, ACGCGT, CACGTG I n » 3 ) 



* ACGATCGT, GATCGATC, . ATCGCGAT; CAACGTTG, AGCGCGCT, ACGTACGT, 
TAGCGCTA, AC6GCC6T, CGAC6TCG, CGTCGACG C n ■ 4 ) 

GACGATGGTC, CGATCGATCG, GATCGCGATC, GCAACGTTGC, 
CAGCGCGCTG, GACGTACGTC, CTAGCGCTAG, GACGGCCGTC, ACGACGTCGT, 
" ACGTCGAGGT, ACAACGTTGT (n = 5) 

The single-strandod. linear ONA of this invention is an unbranched DNA molecule in which each of the 
component monddeoxyribonucleotides is linked to the adjacent monodeoxyribonycleotida through aC5'-3'1 
ss phosphodlestsr bond. "Hie single-stranded, Bnear ONAs carrying less than six bases, which fail to satisfy the 
. general formula (I), are not satisfactory. As may be apparent lirom the Examples described later, the longer 
the chain length of single-stranded, Onear OIMA, the better will be the result However, the purpose of this 
Invention may be sufficiently achieved with a DMA with a base number in the range fWm 10 to 100, because 
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synthe^a becomes more difficutt with increasing chain length and the activity is enhanced very slightly with 
base number more than 45. 

These single-stranded, linear ONAs contain at least one sequence represented by the general fonnnuta 
(I), and those containing two or rhore of such sequences may also be used, as requirM. In the latter case, 

5 the sequences contained may be the same with or different from each other, and there may be an 
inten^ning sequence ( or sequences ) between thes sequences. The sequences other than those of formula 
(!) in the single-stranded, linear ONAs may be of any type, but should most preferably be a repeated 
structure of deoxyguanylic acid as shown in the Examples described later. 

tf the ^tire base sequence of the single-stranded, linear ONAs is composed of alternately repeated 

ro sequence of only two kinds of monodeoxyribonucteotides. such as GC and AT. the purpose of this invention 
cannot be achieved as shown in the Examples. Hence, the base number of the ONAs should be in the 
range from 6 to 100. preferably from 10 to 100. most preferably from 10 to 80. ONAs with base numbers 
exceeding 100 should be avoided because chemical synthesis of such ONAs is difficutt 

Double-stranded, linear ONA is a double helical complex composied of a single-stranded, linear DNA as 

rs described above [ON A(A)] and a second single-stranded, linear ONA [ ONA(B}] with base sequence which 
are partially or completely complementary with those of ONA(A). Ether ONA(A), ONA(B) or the both must 
contain at least one sequence represented by the general formula (1). Such double-stranded, linear ONAs 
atone have the same Immunostimulatory activity as singte-sbanded, linear ONAs do as shown In the 
Examples descrit)ed later. 

20 Needless to say, mixtures of a single-stranded linear DNA and a double-stranded, linear ONA are also 
included in this invention. 

Single-stranded, linear ONAs can be synthesized by known methods using for instance a DNA 
synthesizer (for example, Model 380B of Applied Blosystems ) and. as substrate, deoxynucteoside-j3- 
cyanoethylphosphamidtte ( for example, a product of MllliGen/Biosearch. Division of MilHpore ). The ONAs 

29 thus synthesized may be used as such, or may be purified, as required, by removing the by-products and 
unreacted substances to give products of higher purity. For a simple example of such purification process, 
the salt of DNA formed is precipitated from its solution by addition of two times the volume of cold ethanol: 
the dried precipitate is dissolved in water or In a neutral buffer solution containing a physiological 
concentration of an inorganic salt and the solution thus obtained is used as a remedy. It is more preferable 

sa to pijrffy the synthesized DNA by electrophoresis on a polyscrylamide gel or by column chromatography, 
because DNA with the desired base sequence Is thus obteJned at a higher purity. Use of other methods for 
chemical synthesis of DNA, such as-phosphotriester method, may also give the same desirable result as 
herein described. Thus, the pharmacological activity of the single-stranded, linear ONAs of this invention 
depends only upon the base sequence and not upon the method of synthesis. 

38 Double-stranded, linear ONAs can be obtained, for example, by the known method in which equlmolar 
aimounts of single-stranded, linear DNA(A) and ONA(B) as described above are mixed, heated and cooled. 
Another known Riethod may also be used. In which a double-stranded, linear ONA Is obtained by the use of 
a ONA polymerase using DNA(A) as the terhplate. 

These DNAs may also be used in the form of medicinally approved salts. For example, sodium salts 

40 can be obtained by adding sodium hydroxide to an aqueous solution of ONA of this invention to adjust the 
pH to 7, followed by .lyophilizatlon. These ONAs may also be used as a complex with a pclycatlonic 
compound, such as pofy4.-lyslne ( hereinafter abbreviated as PLL ). Such complex can be prepared, for 
example, by mixing an aqueous solution of ONA of this Inventiorr with an aqueous solution of PLL so that 
the Dt^PLL weight ratio will be about 4:3. 

45 The immunostimulatory remedies of this invention may be used alone or in combination with other 
therapeutic means against such diseases the outbreak of which can be suppressed, or the progress of 
which can be an-ested or delayed, by the functions of the immune system. As examples of such diseases, 
may be mentioned, among others, malignant tumors, autoimmune diseases, immunodeficiency diseases 
and infectious diseases. Malignant tumors are diseases such as gastric cancer, colorectal cancer, breast 

50 cancer, skin cancer, Rver cancer, uterine cancer, reticulosarcomaa. lymphosarcomas, leukemias. lym- 
phomas and like diseases. Autoimmune diseiases are the diseases which are considered to result from 
Impaired self-recognizing function of the immune system, such as rheumatoid artiiritis. SLE, juvenile onset 
diabetes, multiple sclerosis, autoimmune hemolytic anemi.a and myasthenia gravis, which are considered to 
be affectively cured by drugs having Immunopharmacological activity. Infectious diseases are the diseases 

S3 caused by infection wrtii baterla, viruses or protozoans, and are considered to be effectively cured by drngs 
having immuncpharmacotoglcal activity ( such as Interferon ). As shown in the Examples described later 
ONAs Of tills invention are capable of inducing interferon and are therefore expected to effectively cure 
infectious diseases, especially viral diseases. Immunodeficiency diseases Hare the diseases In ^nicn :re 



4 



EP 0 468 520 A2 



im- 



functions o» immune system are suppressed or lost such as agammaglobulinemia and acquired 
munodeflciency syndromes. Among the patients of these diseases, the morbidity of infectious diseases and 
malignant tumors is high, thus adverseiy . affecting recuperation. DNAs of this invention, which are 
etfiMCioiis against malignant tumors and are alsa capable of inducing interferon, are expected to encourage 
the recuperation of the patients suffering immunodeficiency diseases by curing the malignant tumors and 
infectious diseases which are likely to concur in these patients. 

Single- and double-stranded, linear DNAs of this invention may be administerd to animal and human 
bodies subcutaneously. Intravenously, intramuscularty. Intratumprally. orally or into the rectum, and the 
suitable administration route should be selected case by case depending, on ttie type of disease and the 
conditions of the patient f^r example, intratumoral or subcutaneous administration is preferable m tiie case 
of malignant tumors. The proper dose to humans is I to 1000 mg/day when administered into the rectum or 
orally and 001 to lOO mg/day when administered subcutaneously. intravenously, intratumorally or in- 
tramuscularly. Administration should be repealed once or twice per One to seven days, preferably once per 
one or two days, and tt» frequency of administration may be varied and tt» period of adminlstraflon may 
rs be furttier prolonged, as required. , ^ l 

When administering single- or dooble-stranded. Jinear DNAs of tills invention to animal and human 
bodies subcutaneoiisly. Intravenously, intramuscularly or intraturaoraJly. it is preferable to appply it m the 
form of an iniection prepared by dissolving the DNA In an aqueous solution which is nearly neutral ( pH Sto 
8 ) wim a physiological osmotic pressure. As examples of such an aqueous solution, may be menuoned the 
isotonic sodium chlorida solution specified in Phamiacopoeta of Japan, and f 
salts, compounds, additives or diluents medicinally approved. The single- and double-stranded. I inea^ D NAs 
of ttiis invention may be used as an injection either in the fomj of an aqueous solution as described above 
or in ttw font! of solid obtained by lyophylizing ttie same. ^ . .^-^^ ■ 

The single- and double-stranded, linear DNAs of tills invention, when orally administered to animal and 
human bodies, may be used in ttie form of capsules, granules, pills, fine granules, tablets or syrup, as m the 

ease of common drugs. . ^ » « if. 

■me fact ttiat a specific base sKjuence in a DNA. molecule has an important effect upon its 
immunostimulatory activity has not been Icnown at all. and this Is a completely new finding. 

DNAs of tills invention enhance ttia production of interferon and macrophage activating factor, thus 
activating NK cells and macrophages, also enhance ttie production of colony-stimulating factor, promote ttie 
oraUferatton of lymphocytes, and are therefore considered to exhibit a wide range of immunostimulatory 
activity. In addition, ttiese DNAs proved to be very efficacious remedies against experimental tumors, and 
exi^fflentat models for Immunodeficiency diseases .and fOr .autoimmune diseases, ttirough ttieir im- 
munostimulatory activity. Furttiermore. ttie acute toxicity of ttiese DNAs is much lower ttian ttjat of synttietic 
HMi ttius ttiese DNAs are expected to be.highly efficacious and useful remedies against malignant tumors, 
various auto-immune disease*. Immunodelielency diseases and intacttous diseases. 

EXAMPLES 

Detailed below are Test Mettiods and Bomples. In which guanine, adenine, cytoslne and ttiymine ( 
bases contained in nucleic adds ) are abbreviated as a A. C and T. respectively, and ttie nucleotide 
sequence In each t)NA molecule is represented so ttiat ttie left side is S'-termirtal and tiie nght side is 3- 
temilnaL The base sequence in each DNA used in ttie Examples is shown in ttie Sequence Ust appended 
at ttiB end of ttils spacttication. The complex of polyindsinic add and polycytidylic acid ( hereinafter 
abbreviated as polytC ). which is a synttwUe RNA used as ttie control remedy, was purchased .rom 
Yamasa Shoyu. 

Test Mettiod l ( In-vHro tests on ttie augmentation of mouse NK-cefl activity, on ttie productioo of intarfercn. 
anTon the production of macrophage activating factor ) - 



20 
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The tests were performed accenting to tt» loKwn mettwd described in tt» following literature: 
Yamamoto. S., et al^ Jpn. J. Cancer Res, 79. 868-873 ( 1988 ) , • - .i, 

provided ttiat ttie MK-cell activity was measurecl by a fpur-hour «'Cr release assay using YAC- .eUs « 
targets, and ttie result was expressed by ttie average of triplicale measurements and ttie standard cavai cn 
'as The effector to target rafo was iOOd unless otttenwise stated. 

Test Mettiod 2 ( Titration of colony-stimulating factor ) 
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The titer of cotony-stimutating factor in the serum of female BALBrC mouse to whrch DNA had bean 
administered was measured by the known method described in the following literature: 
Bradley. TiR. & Metcaif. 0.; J. Exp. BtoL Med. Sci.. 44. 287-300 ( 1966 ) 

5 Test Method 3 ( Measurement of the activity to enhance the proilferation of lymphocytes ) 

BAU8/C mice ( female, six weeks old, specific pathogen-free ) purchased were bred for at least one 
day, and a solution of DNA In PBS was administered subcgtaneously. These test animals were killed by 
cervical dislocation after one, two. three or seven days. Spleens were immediately removed aseptically. 

70 transferred to HBSS containing 2% PCS, and then forced to pass through a 80- or lOO-mesh stain(ess«steel 
screen. The single cell suspension thus obtained was centrifuiged for five minutes at 1400 rpm. and the cells 
predpttated were collected by removing the supernatant 

The celts were suspended in RPM11640 medium containing 10% PCS and 25 uM 2*mercaptoethanol ( 
hereinafter rafen'ed to as "ME medium" ). and was centrifuged for five minutes at 1400 rpm. The cells were 

15 collected and suspended in ME medium, and an aliquot of the suspension was taken for the measurement 
of the cell concentration by the trypan blue dye-exclusion method. 

The cell suspension was diluted with ME medium., and concanavatin A ( heretn^r abbreviated as 
ConA ) was added so that the cell and ConA concentrations were 5 x lO^/ml and 4 ug/ml, respecth^ely. Two 
tenth milliliters of the ceil suspension was trarisfenred to a d6-well plastic microplate and was cultured at 

20 37* C for 48 hours under 5% COj. Twenty microliters of pH)-thymidlne ( 0.37 MBq/ml, NET-027A: product 
of NewEngland Nuclear Co., Ltd. ) was added, and the culture was further continued for 20 hours. 

The cultured cells were collected on a glass filter by the use of a ceil harvester (product of Skatron Co., 
Ltd.) and dried, and the radioactivity incorporated into the cells was measured with a liquid scintlliation 
counter using a Bquid sdntilljator (EconofKior, NEF-941; product of f^w-JEngland l^ear Co.; Ltd.). Triplicate 

25 experiments were conducted both in the presence and- in the absence of ConA, and the ratio of the two 
averages • Stimulation index ( S.I. ) - was calculated: 

g J ^ Radioactivity Incorporated in the presence of ConA (cpm) 
JO ' ' Radioactivity incbrpozuted in the absence ot ConA (cpm) 



Test Method 4 ( Measurement of antitumor activity against mouse fajmors ) 

C0F1 mice ( female, six weeks old. specific pathogen-free ) purchased were bred for at least one day. 
and the hairs on the right abdominal region were removed over an area of 5mm square. Separately, ascitic 
IMC carcinoma cells were collected from the peritoneal cavity of C0F1 mouse and subjected to centrifugal 
washing with HBSS: the number of. living calls contained was calculated by the trypan blue dye-exciusion 
40 metfiod; HBSS was added to give a celt concentration of 5 x lO^/mi; and 0.1 ml of the cell suspension was 
injected into the right flank of the mice. 

Beginning from four days after the tumor implantation* a solution of ONA In PBS was repeatedly 
admintsfered into and anMind.the tumor every oth^ day for a total of six times; the test animals were killed 
30 days after the implantation: the tumors were cut out and their weight was measured. 

Test Method 5 ( Test on the efficacy against rat adjuvant arthritis ) 

Male SO rats ( seven weeks old ) were bred for one week. Separately, tyophifized dead cells of 
Mycobacterium tuberculosis ( Aoyama 8 strain; product of Oifbo Laboratories ) were suspended- In sterilized 
50 liquid paraffin ( Mark & Co., inc. ) at a concentration of 5 mgAnl. and OJ ml of this suspension was injected 
into a hlnd*ieg pad of the above test rats under ether anesthesia to induce adjuvant arthritis. A solution of 
DNA In PBS was then administered subcutaneously 1. 3, 5, 7. 9 and II days after adjuvant administration. 

The extent of secondary inflammation was determined by measuring the volume of fisotpad: the position 
7 mm above the knee joint of the untreated hind leg was marked, and the footpad volume under this 
ss mariced position vyas measured with a plesthymometer. Inflammation Index was defined as the fractional 
increase {%) of the fbbtpad vohime as compared to that on the day of adjuvant inoculation. 

Test Method 6 ( Test of efficacy on MRL/MPJ-lpr mouse autoimmune disease model ) 
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A solution of DNA in PBS was administered to MRLMPJ-lpr mice ( female, six weeKs pid ) 
subcutaneously three times per week, and the amount of protein In the urine was ^ulated from the urine 
volume excreted during 16 hours and the protein concentration therein. 

s Test Method 7 ( Acuta toxicity test In mice ) 

DNA or RNA was administered to ICR mice ( 10 mice per group ) intravenously (iv ) or intraperltoneaily ( 
Ip ), and the number of living mice was counted 24 hours after administration. Graphs were made in which 
the ratio of living mice was plotted against the amount of DNA or Rf^ administered, and the .amount of 
fo DNA or RNA per body weight that will Mil half of the mice was estimated * LDso ) mgrkg ). 

Test Method 8 ( Test of efficacy against mice infected with t-P-BM5 viruses ) 

Stock solution of LP-BM5 vinises { 0.5 ml ) ^as Injected intraperitpneally to each of CS7BUI0 mice ( 
IS Rve weeks oW ). From the next day, mice were fed with drinking water ad libitum to which azidothymidine { 
AZT) used as a control drug, was added at a concentration of 0.5 mg/ml. DNA was administered 
Intraperltoneaily every day In an amount of I mg as a solution in PBS. Five weeks After the vims infection, 
the spleen cells obtained from the mice were suspended in RPMII640 medium containing 10% FCS at a cell 
•concentration of I x lO'/mL After culturing the cells at.37' C for 20 hours under 5% COa In the presence of 
20 IL-2 ( 1000 U/ml, a product of Genzymo Corp,), NK cell activity was measured. 

Test Method 9 ( Quanmation of DNA ) 

DNA wjis dissolved in 0.2mM phosphate buffer ( pH 7.0 ). and the absorbance at 260 nm was 
2S measured with the same buffer used as reference. DNA concentration was detemitned by assuming that the 
concentration of DNA that gave an absorbance of 1 was 20 uqfml 

example 1 { Preparation- of tablets containing, as acthm Ingredient a single-stranded, Hney DNA of this 
invention ) — — — V 

A mixture of 5 g of.sodlum salt of a single-stranded, linear DNA ( Sequence l ). 53 g of lactose, 50 g of 
com starch and 35 g of crystalline cellulose was kneaded with a solution of S g hydroxypropyk»Uulose In 10 
ml water to form granules, which were dried at 50^ tor tour hours. Magnesium stearate { 2 g ) was then 
admixed, and the mixture was compressed into tablets ( each weighing 20O mg ) by the use of a tabjettlng 
38 machine. 

Example 2 ( Preparation of capsules containing, ^ active Ingredient a slngle^stranded, linear DNA of this 
inverrtlon ) 

40 A mixture of 5 g of sodium salt of a single-stranded, linear DNA { Sequence 1 ), 124 g of lactose, 90 g 
of com starch, 70 g of crystaHine cellulose and 11 g of magnesium stearate was filled Into hard gelatin 
capsules (300 mg In each ) by the use of a capsule filling machine, thus giving capsules. 

Example 3 ( Preparation of parenteral injections containifig, as acth/a Ingredient a slngie*stranded, linear 
45 DNA of this Invention ) 

One gram of sodium salt of a single-stranded, linear ONA ( Sequence 1 ) and O.S g of sodium chloride 
were dissolved in 1 flter of distilled water for Injection, and the mbcture was filtered and sterilized, thus 
giving injections. 

so 

Example 4 

The fact that DNAs. containing palindromic structure have stronger Immunopharmacological activity than 
those containing no patotdromic structure was demonstrated by the following experiments. 
S9 A single-stranded, nnear DNA ( Sequence 1 ) with a base number of 45 containing a palindromic 
staicture ( QACGTC ) had a strong activity to augment the mouse NK-cell activity < Table 1 ). In contrast, a 
singie-stranded, linear ONA ( Sequence 2 ) with a base number of 45 containing no palindromic structure 
had a weaker activity to augment the mouse NK-celi acthHty ( Table 1 }. 



7 
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Table 1 





Test Sample 


Slumber of Bases 


Concn . 


NK-Cell Activity 


5 


Control 




0 


14.3^1.3 


• 


SequencQ 1 


45 


10 


2is.4±2.6 








50 


S6.8t3,4 








100 


65.3*4.1 








500 


60.4t3.9 


IS 


Sequence 2 


45 


10 


14.1t1 .1 








50 


15.0±2.0 








100 


20.0±2.2 


20 
















500 


17.9t2.1 



"Concn." means the final concentration of DNA ( fig/iftl ) 
^ during the mouse spleen cell culture. 

"Control*' ^means the case iii which the spleen cells 
were cultured in a medium containing no DNA. 

30 



Comparison made betwaeh two DNA molecules ( Sequence 3 and Sequence 4 ) with ai^ase number of 
30 ( partial structures of Sequence t ) indicated that the ONA containing a palindromic structure ( Sequence 
3 ) had a stronger activity to augment the NK-ceii activity than the DNA containing no payndromic structure 
35 ( Sequence 4 )( Table 2 ). 

Table 2 



Test Sample Number of Bases NK-Cell Activity 



Control 






14.810.4 


Sequence 


1 


45 


57.1*2.2 


Sequence 


3 


30 


4S.9t2.1 


Sequence 




30 


15.0±1 .4 



Each Dl-IA. was added to spleen cells to give a 
final concentration o£ 60 icg/ml. 



The ONA { Sequence 5 ), wWch was of much th8[ same jstructure as the DNA ( Sequence 3 ) excect 
59 that the array of two adlacent nucleotides (GT) in the palindromic structure was replaced with an array :f 
reversed nucleotide sequence (TG). had a weaker activity to augment the NK-cell activity than the Ona . 
Sequence 3 ) ( Table 3 ). However, the ONA (Sequence 6 ). which was of much the same structure as r.} 
ONA ( Sequence 3 ) except that the array of two ad)acent nucleotides (GT) in the portion other ran 
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palindromic structure was replaced with a reversed sequence of nucleotides '(TG). bad a strong activity to 

augment the NK-cell activity like the DMA ( Sequence 3 > { Table 3 ). 

The DNA ( Sequence 7 ). which is of much the same structure as the ONA { Sequence 3 ) except that 

one nucleotide IC) in the panndromic stoicture is lacWng. had a markedly weaker activity to augment the 
$ NK-cell activity than the DNA { Sequence 3 ) ( Table 3 ). However, the DNA ( Sequence 8 ). which is of 

much the same structure as the ONA ( Sequence 3 ) except that one nucleotide (C) in the portion other than 

the patindromic structure Is lacWng had a strong activity to augment th$ NK-cell activity like the DNA ( 

Sequence 3 ) ( Table 3 ). ' 

The ONA ( Sequence 9 ). which is of much the same structure as the ONA ( Sequence 3 ) except that 
to the palindromic structure is translocated to the 5'-terminal, had as strong an activity to augment the NK-csli 

activity as that of the ONA ( Sequence 3 ) ( Table 3 ); however, the DNA ( Sequence ID ), in which the 

panndromic structure is translocated to the central position, had a stronger activity to augment the NK<ell 

activity than that of.the DNA { Sequence 3 > ( Table 4 ). 



Table 3 



Test Sample Number 


of 


Oases NK-CeLL Activity 


Control 




14.11:2.0 


Sequence 3 


30 


4a.8t2.6 


Seq^uence S 


30 


15,8*1.5 


Sequence 6 


30 


45.3t2.3 


Sequence 7 


29 


15.4±1.4 


Sequence 8 


29 


50.9*1 .9 


Each DMA was added 


to 


Spleen cells to a 



final concentration of 50 ^g/ial. 



Table 4 



40 


Test Sample 


Number of Bases 


NK-Call Activity 




Control 




I4,2i0.9 




Sequence 3 


30 


43.4i2.1 


4S 


Sequence 9 


30 • 


45. 8*2,6 




Sequence XO 


30 


S1.4£2.8 



jSach DMA was added to spleen cells to a 



final concentration of 50 ^g/xal. 

It was demonstrated from the above reaults that the presence of the pallndrofnic structure (GACGTC) 
has an Important effect upon the DNA's activity to augment the NK-cell activity, and that a higher activity 
can be obtained if the palindromte structure is located in the central position of the ONA chain. 

Example 5 



9 



10 



IS 



20 



25 
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The following experiments demonstrated that the same is true of palindromic structures other than the 
one shown in Example i (GACGTC): single-suanded. linear DNAs containing any of these palindromic 
structures exhibited a stronger immunopharmacotogical activity than DNAs not containing these structures. 

The DNAs ( Sequences 1 1 and 12 }» which were of much the same structure as the ONA ( Sequence 3 
) except that the palindrome (GACGTC) was replaced with other types of palindromes (AGCGCT and 
AACGTT), had a strong activity to augment the NK-cell activity like the ONA < Sequence 3 ) ( Table 5 ). 



Table S 

Test Sample NumtaGc of Bases Ni;-C«all Activity 

Control 14.1 ±2.0 

Sequence 3 30 48.St2;.6 

Sequence 11 30 52.3±3.3 

Sequence 12 30 43,7±2.3 

Cach DMA was added to' spleen cells to a 
final concentration of SO ^g/ml. 



A single-stranded, linear DNA containing no palindromic stnjcture ( Sequence 13) had only a weak 
- activity to augment the NK-cell activity /while DNAs ( Sequence 14 through 20 ). which were of much the 
same structure as the DNAr( Sequence 13 ) except that a part of the base sequence was replaced with a 
palindromic structure each had a strong activity ( Table 6 ). 

30 

Table 6 



Test Sample Palindrome NK«-Cell Activity 



38 


Control 






14.3±0.4 




Sequence 


3 


GACGTC 


46.2t1.5 


40 


Sequence 


13 


None 


14.4±1.0 




Sequence 


14 


GACGTC 


49.1±1 .6 




Sequence 


IS 


CGATC6 


48.7±6.9 




Sequence 


16 


AtCGAT 


43.St1.2 




Sequence 


17 


TCGCGA 


44.3±0.9 


sa 


Sequence 


18 


GCGCGC 


48.4±0.5 




Sequence 


19 


CGTACG 


42.9t0.7 




Sequence 


20. 


' CGGCC6 


43.S±0.9 


58 


Each DHA.was 


added to spleen 


cells to a 



final concentration o£ SO ycg/nl 



10 
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10 



18 



m 



Exampte 6 

The following experiment demonstrated that DNAs conttifting a palindromic structure with a base 
numt>ef of 8 or 10 also have a high immunopharmacological activity. The PNA ( Sequence 21 ) containing a 
palindromic structure (GACGTC). and the ONAs ( Sequences 22 and 23 ) obtaining an' expanded 
oaUndromic structure (QGACGTCC. CGGACGTCCG). had a strong activity to augment the N^H activity { 
S tT However, the DNA ( Sequeiwa 24 ) containing a curtailed QACQTG structure (ACQT) had only a 
low activity. 

Tabl.9 7 



Test Sample Palindrome WK-Cell Acti-vlty 

Control 14. 9 ±1.0 

Sequence 24 ACGT 15.Q±0.3 

Sequence 21 GACGTC 42. 3 ±1.1 

Sequence 22 GGACGTCC 4S.5±2.2 

Sequence 23 CGGACGTCCG S2.6±1 .5 



Each DUA was added to spleen cells to a 
final concentration of SO ^g/ml. 



30 Example 7 

The fact that the Immunophannacological activity of ONAa containing a palindromic structure depends 
on me molecular length was discovered from the results of the ((Jllowlngexperirnents. 

Comparison of the activity to augment the NK-cell activity among DNAs ( Sequences 25 through 32 )- 
35 with a palindromic structure in the central positlbn and having a variety of molecular lengths { number of, 
bases: 6 to 80 ) showed that the activity was observed only In the DNAs having 
increased with the number of basi». and changed nttta when the number of bases exceeded 4S ( Table 8 ). 



40 



43 



SO 



sa 



11 
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Tablo 8 



5^ *■-.• 




number : pfi. Bases 


NX-Cell Activity 








■■ ■ ■ 


Sequence 25 




14.3*0.8' 




Sequence 26 


10 


2S. 141.2 




V S^jCLUence 27 . 


..'IS' :,? ' 


28.8*1.3 




: SeqLUahce 28 




•37v9i1--.2 




30 


4S.$*2.1 . " 




•V .. Sequence 30 


45. 


'■■y "S5.3S:1V&.- ■ 




• Seq,uenee 31 


■ 60 , 


55.0t2.O , 




Sequence 32 


. 8b ■■' 


57.1*2 i4^- •■ 



Each added to spleen . cells to a 

f IriBLl concentration ip pi^iiil^ 



, The Immunophami^ was obseived also In P^tA9 with multtpie pallndronilc structures. ' 

This was ctomoristrateCI by testtn^ the esOMty of the ONAs (Sequertqss 33 through 3& ) toi angmertt the 
NK-ceil activity. These OMa wenf of much the same structiire as ttie ONA ( Sequence 1 ) exc6f>t mat part 



90 



./-Table ..9 


Teat .Sample 


.tfumber of Pallndrones 


RK-CeU' iVctlvlty 


Contrdi 




14.2±0.S 


: sequence V 




. 27.1*2.3 


; -'Sequence '.33;;.' 




32.3*2.5 


:. Sequence 34 




39.0*2.5 


Sequence 35 


. ■ ' 4-:.. - 


' 46.1*3.0 


' .Seque^nce" y6-' 


•5. ■" 


50.5*4.2 



'"f* •;. ..■•^fech/DKft-^ ta ';Spieen.-cell8' to a 

» final conc^nteation^of iOyt^^ ^ - 

The ONAs ( Seqt^ces 37 throuQhv39 ) cornpo^ of re^ structures aisc had the 
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activity to augment the NK-ceit activity ( Table 10 ). 

Table 10 



to 



IS 



Tes t Sample Palindrome NK-Cell Activity 

control 14. 2 to. 5 

Sequence 37 GACGTC 45.1*3.2 

sequence 38 CACGTG 47.6*2.9. 

sequence. 39 ^ACGTT ^^'5*3.2 

Each DNA was added to spleen cells to a 
final concentration of 20 ^g/ml. 



Examples 



^ .it^.^<i^ntiiMna ONA whidi carries only guanine and cytosine as component base ( 
„ SepiSUt^TdTtlSTS^^^ LVine as component base ( Sequence 41 , 

only a wealt activity to augment the NK-cell activity {.Table 11 ). • 



Table 11 



30 



Test Sample 


Palindrome 


Component Base 


»K-Cell Activity 


Control 






14'.4±1.6 


Sequence 3 


GACGTC 


G, A, C, T . 


46.3t2.S 


Sequence 40 


GCGCGC 


Gr C 


14.9t1.3 


Sequence 41 


ATATAT 


A, T 


14.5±1.4 



40 Each DNA was added to spleen cells to a 

final concentration of 50 ^q/ml. 

4. It was demonstrated' from the above resutle that In order tor a DNA to ^f^J^^^^^- 
ImmLop^armacological activity, it must contain at least one P^^^^^^^^^^^ 
the total number of bases contained therein must be ten or more; and the sequences entirely composea 
repetition of QC- or At-my are unfavorable. 

so Exarhpie 10 

Slngle-stranded. flnear DNAs containing paOndmmlb structure Indf** ( hefelnafter ibbre- 

. viatBd M IFN ) and macrophage activating factor ( hereinafler abbrevnated aa ^AAF^ ^^^^ ^ 

^n»a QNA ( Saauence iTcontainIng a paHndromic structure with a base numijer of 45 had an in-vwo 

palindromic structure was weaker { Table 12 ). 
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Table 12 



Test Sample 


Mumber o£ 
Bases 


Concn. 


IFM Titer 
(lU/ml) .. 


ClAF Activity 
It) 


Control 




0 


<5 


8.0*0. 3 


Sequence 1 


45 


10 


56 


15.2i:l .1 






100 


362 


25.12:2.3 


Sequence 2 


45 


10 


10 


3.240.7 






100 


22 


10.9t0.5 



"Concn." indicates the final concentration (}xg/nil) 
of DNA added to mouse spleen cells. 



Example t1 

Singte-stranded. Qnear DMAs containing palindromic structure had an activity to induce .colony stimulat- 
ing factor ( herelnaflBr abbreviated as CSF ). An intravenous administratioa of the DNA ( Sequence t ) 
containing a palindromic structure with a base number of 4S caused the Increase of the serum CSF titer, 
which reached its peal< six hours after administration ( Table 13 ). No such activity was observed with the 
DNA ( Sequence 2 ) withouCpalindromic structure. 

Table 13 

Test Sample ^^^^f ^^"j^^^^^^^'^ ""T^fr^lQ^S^gef^j^l 



Control 


0 


2 


Sequence 1 


1 


4 




3 


10* 




'3 


35** 




12 


12* 




24 


3 


Sequence. 2 


1 


2 




3 


2 




G 


3 




12 


5 




24 


1 


Each DNA. was 


adroinistered in an amount 


of Srag. 


*: p<O.OS> p<0.01 ( by Student's t- 


-test ) 
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Example 12 

ConA-stimulated proliferation ot spleen cells was promoted in mice to which S mg of the p^Undr^m^ 
containing QUA ( Sequence 1 ) with a base number of 45 had been administered { Table 14 ). However, no 
such activity' was obsen/ed with the ONA ( Sequence 2 ) without palindromic structure. 







Table 


14 




JO 


Test Sample 


Days after 


i\uitt m X s u r a w iO n 


S I 




Control 
Sequence 1 




2 
3 


42.3 
76.1** 
66.7* 
47.?* 


20 


Sequence 2 




1 
2 
3 


4 5.5 
43.1 
42.0 


35 


*: p<0,05# 


\?<0.01 


( by Student's 


t-tost ) 



The above results demonstrated that ONAs containing palindromic stnicture -exhibit a variety of 
30 immnopharmacological activities. 

Example 13 

When the palindrome<ontainlng ONA ( Sequence 1 ) with a k^ase number of 45 was adrninist^ed to 
35 mice bearing iMC carcinoma tumors, dose^ependent suppression of the tumor weight { "«^«^y- f ^^^^^ 
activity ) was observed ( Table 15 ). However, the DMA ( Sequence 2 ) with a base number of 45 without 
palindromic structure had only a weak antitumor activity { Tabie 15 ). 



40 



45 



SO 



55 



15 
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Table IS 



Test Saraple 


Dose 


(/eg) 


Tumor Weight 


^ Suppression 


Control 




0 


2.55±1 .20 


0 


Sequence 1 


10 


}C 5 


1 .85t0.91 


27 




100 


X G 


0.2S±0.62 


90 


Sequence 2 


10 


S 


2.46±1 .30 


4 




100 


X 6 


2.15±1 .16 


16 



IHC carcinoma cells vrere implanted to CDFl mice (each 
group consisting of eight heads ), and, beginning from 
four days after implantation, the test samples were 
administered intratiamorally every other day for a total 
of six times. The tumor weitht was measured 30 days 
after implantation. 

Example 14 

The single-stranded, linear DNA ( Sequence 1 ) containing a palindromic structure was effective in 
suppressing the secondary inflammation in rat adjuvant arthritis model ( Table 16 )• while no such activity 
was observed with the DNA ( Sequence 2 ) without palindromic structure. 



T^le 13 



teat Sample 




Inflaninatlan Zndisc (0) 




. 10 Days 


14 Days 


17 Days 


21 Days 


20 Djiyg 


Contsol 


9.8±2.0 


43.7±S.2 


55.Q±8.1 


65.7tQ.4 


59.1*3.7 


SaquencR 1 


2.1 ±1.3** 


30.3*3.2* 


33.2±S.S* 


49.2±5.6* 


52.8±9.3 


Sequancs 2 


a.2±2.5 


42.2±5.3 


34.7±7.6 


62.2±a.2 


56.1*5.3 



The extent of secondary inflammation after adjuvant 
injection is expressed by the fractional increase in 
footpad volume. 



The dose of DNA was 2 ms/v^t.- *i p<0.05f p<0.01 
( Student^s t-test ) 



16 



EP 0 468 520 Al ^ 



Example 15 

Administration of the dingle-sti'anded. linear DMA ( Sequence 1 ) containing a palindromic structure to 
the autoimmune disease modeU WRUMPJ-lpr mice which suffer spontaneous outbreak of such diseases, 
5 suppressed the amount of protein excreted in the urine ( Table 17 ). However, no such activity was observed 
with the ONA ( Sequence Z ) without palindromic structure. 



Table 17 



to 


Test Sample 


Dose 


Protein Content 


in the Urine (ng) 




(mg/kg) 


At the Start 


After 4 Weeks 


IS 


Control 


0 


0.7±0.5 


4.0±2.6 




Sequence 1 


0.03 


0.7±0.S 


3.1±1 .8 






0.3 


0.7±0.5 


3.3t1 .3 


20 




3 


0.6±0.4 


3.5*1 .3 




Sequence 2 


0.03 


0.7±0.6 


4.1*2.3 


2S 




0.3 


0.5±0.4 


3.S±1 .6 






3 


0.7±0.5 


3.9±3.0 


30 




Table 17 ( contd. ) 




38 


Test Sample 


Idoso 


Protein Content 


in the Urine (mg) 




(mg/kg) 


After 8 vreeks 


After 1 2 Weeks 




Control 


0 


7.1±13.S 


• 

13.6±22,2 


*a 


Sequence 1 


0.03 


2.S±3.1 


4.5±6.1 






0.3 


1 .7±1.1* 


8.6±12.3 






3 


3.2±5.8 


9.7*16.1 




Sequence 2 


0.03 


7.3±9.5 


12.6±6.2 






0.3 


5.8±5.2 


10.7*12.3 


so 




3 


5.4£4.0 


13.0*18.8 




*: p<O.OS ( Student's t-tgest 


\ 



The above results demonstrated that synthetic DNAs containing panndromic structure have not only 
Immunopharmacological activities but also therapeutic effects on various diseases which are known to be 
susceptible to drugs with Immunopharniacologicai activity. 
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Example 18 



There was me. diffdreneo in the activity to augment tire NKrc^H actiyity between the sihgl^trahdaci; 
linear DNA ( Sequence i ) and the dciible^anded, linear ONA ( Sequent^ 42 ) which was cprn|X)8ed of 
5 me above pNA ( Sequence 1 ) and a second singte^etratnded. Wemr ONA'with a compien^enta^ si^quence 
tp:that of the fbrmer ( Table 18 ).. • ; ^ , ; ; -.^^ 



Table 13 



fS 



90 



25 



Test SuDple 


Coaca. (/ig/tal) 


NK-Cell iicttvity. . 


Cq^trqi . 




i4';-2*o.;s"" 


Sequettps 1 


10 


21. 5*1. 2:-, .. 




100 


• . ■ ' - 

44.o±2.;r 


Sequiance 42 


10 


1:9!. 9*1 V 5^^ 




10.0 


■ 47-:5±J.-7'"""' 



:: Among the ONAs ( Sequences 43 through 48 ) ccmtafr^ the same palMromic strlxture^^ 
the ONA ( Sequence 43 ); wipise sequence otr^ 
09 ; deoxy^uanytic add, had the strongest, activity to augjrnont the NK-pelt activity ( Tjaibie 18 



^ • Test Sample 


Repeated Unit in ther Portion 
other than Pnlindromie Structure 




Codtrol 








iSeiqueace ^43; 


G 




;S4v4*2;-4^-^:':;'^^ 


40 Saquenee 44 








S^quenc^ 45 








Sequ^ica 4S 


C 






^ Sequaitcd 47 






2S*0±1.0 .^J' '"'-^^ 


Sequance 48 


GA 







Each DNA tras added to splee]^ cells to a 
final concentration a£ 50 yig/.ml. 



SB Example 1.8 . • 

ONAs (Containing tN S'-CGr3' stmctute tire pasitdromic jttnxc^ a stronger activity ^ iL<;irr*«^t 
;the:NK<eil activity man those without ttte i5'^ 
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Table 20 



tast Samplo 


Palindrome 


:1K-Call Actiyitiy 


Control 




12. 3^0. S 


Sequence 11 


AACGTT 


50 .Oil .8 


Sequence 1 2 


AGCGCT 




Sequence 49 


CGATCG 


47.7£1 .4 


Sequence 50 


ATCGA*? 


47. Oil .6 


Sequence SI 


TCGCGA 


47.0*2.0 


Sequence 52 


GCGCGC 


46.9j:1.2 


Sequence 53 


CG'TACG 


46.G±1 .9 


Sequence 54 


AGCGCT 


45.7±1 .0 


Sequence 55 


CGGCC6 


44»2±1-7 


Sequence 3 


GACGTC 


42.1±1.5 


Sequence 56 


GTCGAC 


42.0t1 .3 


Sequence 57 


CGCGCIS 


40.1 ±1 .4 


Sequence 56 


ACGCGT 


39.5±1 .5 


Sequence 59 


AAGCTT 


20.l£b.0 


Sequence 60 


TTATAA 


19.S±6.5 


Sequence 61 


TATATA 


18.3±0.4 


Sequence 62 


AGTACr 


18.0*0.7 


Sequence 63 


GAATTC 


17,7*0.6 


Sequence 64 


CTGC^G 


17.5*0.5 


Sequence 6S 


AAATTT 


17,5*0.7 


Sequence 66 


CCTAGG 


17.0*0.7 



Each DMA was added to spleen colls to a 
final concantration of SO ^/ml. 



Example 19 

In mice infected with LP-BMS vinisos ( mocial animals for immunodeficiency diseases ), the NK-cell 
activity of the lymphocytes was not enhanced by IL-2 stimulation unlike in normal mice; however, in the 
vims-infected mice to which the single-stranded, Bnaar DMA ( Sequence 1 ) containing a palindromic 
structure had been admlnistenKi, IL-2 was able to enhanoe the NK-^cell activity of the lymphocytes ( Table 
21 ). TTte degree of enhancement was nearly the same as that obsen/ed In the JL-2-stimulated lymphocytes 
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of normal mice, and the lL-2*stimulated lymphocytes of infected mice to which AZT .( aaidothymidtne. a 
remedy for AIDS ) had been administered. But no such effect was observed with the single-stranded, linear 
DMA ( Sequence 2 ) without palindromic structure. 



Table 21 



to 



20 



28 



Mouse 


P^inisterod 


IX.-2 Addition 


HK-Call Aetivity 


Mormal 


Mone 










+ 


23.St1 .S 


Infected 


control (PBS1 










♦ 


1.1*0.2 


Infected 


Sequence 1 




5.9tO-S 






♦ 


24.1±1 .4 


Infected 


Sequenca 2 




3.3t0.3 






+ 


3.5*0.7 


Infected 


AZT 




1.9*1,0 








21.4*0.6 



30 



Example 20 



The stn<9le'*stranded, ffroar ONA ( Sequence 1 ) containing a paHndrbmle structure augmented the NK« 
celt ^tivity and induced Interferon even in SCIO mice { n)odel animals for severe combined Im- 
munodeficiency ). but no such effdct was observed with the single^stranded. linear DM. ( Sequence 2 ) 
without paRndromic structure ( Table 22 ). 



so 



88 



20 
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Table 22 



to 



20 



38 



30 



SAL2/C 


Control 


5.2±0.S 


<4 




Sequence 1 


15.4t0.7 


12S 




Sequence 2 


5.4±0.3 


<4, 


SCID 


Conttol 


18.3±1 .0 


16 




. Sequence 1 


43. 9*1. 5 


2SG 




Sequence .2 


20.0±1 .1 


1.6 



concentration of 20 jt-qtm. 

MK-cell activity was measured atanEiT ratio of 25 ti- 
lt w«3 donwnslrated iron, the rwults obtained in Examples 19 ^ 20 th^ «he fJl^*^^;^ 

DMAS of »I8 Irwentton containing palindromic structure are capable of restonnfl.C »» ^ ) the 

immonolooical functtone of immunodeflcienqy disease model mice. 

Example 21 

Acute iDxicity of me synthetic DNAs { Sequences 1 and 3 ) v«lh a base number of -Wand 30. 
res^SvelTJ^wmarltably low as compared to that of the synthetic RNA (polyfcC) used as contn»l ( Table 
23). 



35 



40 



Table 23 


Test Seiciple 


Administration Route 




DHA < . Sequence 1 ) 


iv 


>500 




iP 


>1.000 


DtlA ( Sequence 3 ) 


iv 


>soo 




iP 


>ipop 


poIyI:C 


iv 


0 




iP 


30 



In addWon. Intraperitoneal administration of each of the li' i 15* H 

18. 17. 18. 19. 20. 21. 22, 23. 24. 28. 27. 2a 29. 301 31. 32. 33. 34. 3S. 38. 37. M, M. 
ss so! SI ! 53. 54. 55. 58. 57 and 58 ) to OOY mice ( each group consisting of tan heads ). caused no death 
or body wight loss in any of the mice tested in one-week observafion period. 
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SEQUENCE LISTING 

Sequence No . : 1 

Length of ssQuenca: 45 

Type of sequenee:Nu oleic actd 

Type of Cha in : St no I e- stranded 

Topo I ooy : Linear 

Kind of soquence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (GAC6TC) 
ACCGATGACG TCGCCGGT&A CGGCACCAGG ACGGCCACC6 IGCTG 

Sequence No • : 2 

Lengthofsequence:45 

Type of sequence: Nucleic acid 

Type of Chain : SI note- Stranded 

Topo I ogy : L i near 

Kind of sequence: Other nuctelo acid; synthetic DNA 
Pea tu res of sequence : 

AAAAGAAGTG GGGTGCCCCC ACGAICACCA ACGATGGTGT GICCA 

Sequence No, : 3 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : Si no I e- stranded 

Topo I ogy : Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P.: Contains palindrome (GAC6TC) 
ACC6AT6ACG TCGCCG6T6A C66CACCAC6 
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Sequence No . : 4 

Leneth of sequence: 30 

Type of sequence: Nucleic acid: 

Type of Chain : Sine I e- Stranded 

Topoloaty: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features cf seeuenca: 
GGT6ACQ6CA CCACQACGGC CACCGTGCTG 

Sequence No . : 5 

Lenoth of eaeuence: 30 ' 

Type of sequehee: Nucleic ^cid 

Type of Cha4n : Sing I e- stranded 

Topoloety: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: 
ACCGATGACT QC6CC66TGA CQGCACCACS 

Sequence No.: 6 

Length cf sdquenee: 30 

Type. of eequence: Nucleic acid 

Type of Chain : SI nolo- Stranded 

Topologty : Linear 

Kind of sequence: Other nucleic add; synthetic DNA 
Features of sequence: P: Contains palindrome (6ACGTC1 
ACCSAT6ACG TCSCC6T66A CG6CACCACS 
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Sequence. No. : T . 

Length of sdQuence: 29 

Type of saauenct: Nucleic acid 

Type of Chain : S I ne I e- Stranded 

Topoloety : Linear 

Kind of sequence:- Other nucleic acid; synthetic ONA 
Features of sequence: 
ACCGATGAQO! C6CC66T6AC GGCACCAC6 

Sequence No. : 8 ' 

Length of sequence: 29 

Type of sequence: Nucleic acid 

type of Chain : SI no I e- stranded 

Topologty : LITiear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrotge C6AC6TC) 
ACCGAT6AC6 TCGCCGGtGA CGGCACCA6 

Sequence No . : 9 

Leneth of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : Sing I e- Stranded 

Topologty: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (GACGTC) 
6AC6TC6CC6 GtOACGGCAC CAC6ACC6AT 
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S«4M«f)e« No . : 10 

Lansth of tavuenoe: 30 

Type of »«au«nc»r Nuelaid acid 

Typo of Chain : s I n» I stranded 

Topoloflty. Linear • ^ 

Kind of soQuanca: Other nucleic acid; synthetic DNA 

Faaturae of aeauonca: P: Contains pklindrome (QACGTC) 

ACCACGACCG AT6AC6TCSC CGQTSACQSC 

Soqu'anca No.: I! 

Length of sequence: 30 

Type of sequenoe: Nucleic acid 

Type of Chain : S I nB I e- stranded 

Topologty: Linear 

Kind of eequence: Other nucleic add; synthetic ONA 
Feature* of aeeuence: P: Contain, palindrome CAAC6TT) 
ACCGATAACG TTGCCGGTGA C6QCACCACQ 

Saquenoa No. : 12 

Lensth of se«»uenoe: 30 

Type of sequence: Nuelei.e acid 

Type of Chain : S Ing I a- Stranded 

TopoioBty: Linear 

Kind of sequence: Other nucleic add; syntheticONA 
. Features of sequence: P: Contains paUndrdme (AQ.qGCT) 
ACCQATAGC6 CTGCCQQTGA CGQCACCACG 
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Soquanco No . : 1 3 

L9n9thofs9 4u&nc8:30 

Typd of soquonea: Nucleic acid 

Typ« of Chain : Sino le- stiranded 

Topo I 08ty : Linear . 

Kind of aoQuanoa: Othar nuelaio ae i d ; synthetic DNA 
Faaturaa of sequenea: 
TCGGTGCAGiS GAATGTC6CA 6GACCCG6TC 

Saquanea No. : 14 

Lanoth of aaquance: 30 

Type of aaauanea: Nuelaio acid 

Typa of Chain i- Sing I a* stranded 

Topolooty: LTnaar 

Kind of aaquance: Other nucleic ac i d > synthetic ONA 
Faaturaa of saquanea: P: Contains palindrome (6ACGTC) 
TC66T66AC6 TCATGTC6CA 66ACCC63TC 

Saquanea Xo* : *I5 

Length of saquanea: 30 

Type of aaquenea: Nucleic acid 

Type of Chain : Sing I e- stranded 

Topolooty: Linear 

Kind of sequence: Other nuelaio aeidi synthetic DNA 
Faaturaa of sequence: P: Containa pailindrcme (CGATCG) 
TCG6T6C6AT CGATGTCGCA 66ACCC66TC 
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Sequence No.- 16 

Lensch of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S I ns I e- Stranded 

Topo 1 09 ty : Li near 

Kind of sequence: Other nucleic acid; synthetiCQNA 
Features of sequence: P: Contains palindrome (ATCGAT) 
TCGGT6ATCG ATAT6TCGCA GGACCCCGTC 

Sequence No . : 17 

Length of sequence: 30 

Type of sequence^ Nucleic acid 

Type of Chain : S i no I e- Stranded 

Topolosty: Linear 

Kind of sequence: Other nuolelo acid; synthetic ONA 
Features of sequence: P: Contains palindrome (TCGCGA) 
TC6GTGTCGC GAATGTCGCA QQACCCG6TC 

Sequence No . : 18 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S I no I e- Stranded 

Topology: Linear 

Kind of sequence: Other nucleic ac I d ; syn t h e t i c ONA 
Features of sequence: P- Contains palindrome (6CGCGC) 



27 



I EP 0 468 520 A2 | 

TCGGTGGC6C GCATQTCGCA GQACCCQGTC 

Sequence No . : 19 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e -stranded. 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (CGTACG) 
TCGGTGCGTA CGAT6TC6CA 6GACCCG6TC 

Sequonce No . : 20 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : Slnsle^stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains patlndrome CCGGCC6) 
TCGGT6CGGC CGATGTCGCA 6GACCCGGTC 

Sequence No. : 21 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S I na I e- stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Feetures of seoiuence: P: Contains palindrome (GAC6TC) 
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AAAAGAA6TG GG6ACGTCTT ACGATCACCA 

Sequencs No. : 22 

Length of sequence: 30 

Type of eequenoe: Nucleic acid 

Type of Chain : S-l no I e- stranded 

Topoloey: Linear 

Kind, of sequence; Other nuelaie acid; synthet.ie DNA 
.Features of sequence: P: Contains pa I i ndrome XG6AC6TCC) 
AAAAQAAGTG GGQACGTCCT ACGATCACCA 

Seouenoa No.t 23 

Length of saquenoe: 30 

Type of sequence: Nuolalo acid 

Typo of Chain : SI no I e- stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic PNA 
Features of sequence: P: Contains pa 1 1 ndrome (CGGACGTCCS) 
AAAA6AA6TQ C66ACGTCCG ACGATCACCA 

Sequence No. : 24 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of Chain : S I no I e- stranded 

Topology: Linear 

Kind of sequenoe: Other nuolaio aoid; synthetio ONA 
Features of sequence: P: Contains pailndrome (ACGT) 
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AAAAGAAGTG 6GAACGTCTT ACGATCACCA 

Sequence No. 25 

Len'oth of sequence: 6 

Type of sequence: Nucleic acid 

Type of Chain : S i ng I e- stranded 

Topoloay: Linear 

Kind of sequence; * Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (GACGTC) 
GACGTC 

Sequence No . : 26 

Length of sequence: 10 

Type of sequence: Nucleic acid 

Type of Chain : S i no i e^stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (GACGTC) 
AT6AC6TCGC 

Sequence No . :. 2T 

Leneth of sequence: 15 

Type of sequence: Nucleic acid 

Type of Chain : Sine I e-istranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome CGACGTC) 
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CC6ATQACGT WCCG. 

So4uenca No. : 28 

Length of sequence: 20 

Type of saouonce: Nuclei c acid 

Typo af Chain : S 1 no I e-stranded 

Topolcay: Linear 

Kind of se<9uence: Other nucieic acid; aynthatie Di!4A 
Featurea of sequence: P: Contains palindrome (QACfiTC) 
* 6ACCGAT6AC GTCQCCGSTG 

Sequence No . : 29 

teha.th of seauenco: 30 

Type of saquerioe: Nuclei o acid 

Type of Chain s SI na I e-:et»wlad 

Topbtoay* Linear 

Kind of aeqiuenoe; Other, nucleic acidi aVnthatic DNA 
. Features of sequence: p: Conta I ns pa llndrome (GAC6TC) 
T6ACAGACC6 AT6AC6TCQC CGGTGGACGQ 

Sequence No. : 30 

Leneth of aequenea: 48 

type of sequence: Nucleic acid 

Type of Chain : Single-stranded 

Topoloey : Linear 

kind of sequence; Other nucleic acid; synthetic ONA 
Featurea of aequenea: P: Contains palindrome (GACGTC) 
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CCAGTGATTG ACAGACCQAT GACGTCGCCQ GTGQACQ6CT CAGTG 

Sequence No . : 31 
Length of sequence: 60 
Type of sequence: Nucleio acid 
Type of Chain : S r ng I e -Stranded 
fS Topo I o«y ; L I near 

Kind of sequence: Othsr nucleic acid; aynthetio ONA 
Features of sequence: P: Contains paitndroma CGACGTC) 
TGCGACCCCA GTGATTGACA GACCGATGAC GTCGCCGGTG GACGGCTCAG TGATAATTTA 



10 
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Sequence No . : 32 

25 

Length of sequence: 80 
Typo of sequence- Nucleic acid 
SO Type of Chain : S f no I e-stranded 
Topology: Linear 

Kind of sequence: Other nucleic add; synthetic ONA 
^ Features of sequence: P: Contains palindrome (GACGTC) 

CCTCAGTCAC TGCGACCCCA GTGATTGACA GACCGATGAC GTCGCCGGTG GACGGCTCAG 
TGATAATTTA GATAGTACAC 

Sequence No* : 33 
4g Length of sequence: 45 

Type of sequence: Nucleic acid 

Type of Chain : Sing Ic-atraxided 
^ Topology: Linear 

Kind of sequence: Other nucleic acH; synthetic ONA 
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Features of.seauence: P: Contains palindrome (GACGTC) 
ACCGATQACG TCGCGACGTC C6GCACCACG ACGGCCACCG TGCTG 

Sequence No . : 34 

Lenoth of sequence: 45 ^ 
Type of sequence: Nucleic act-d 
Type of Chain : S i no I o-stranded 
Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (GACGTC) 
ACCGAT6ACG TCGCGACGTC CGGACGTCC6 ACGGCCACCG TGCTG 

Sequence No . : 35 

Lenoth of seoue'nce: 45 

Type of sequence: Nucleic acid 

Type of Chain : SI no I o-straiided 

Topoloey: Linearr 

Kind of sequence: Other nucleic aoid9 synthetic DNA 
Features. of sequence: P: Contains palindrome (GACGTC) 
ACC6ATGAC6 TCGCGACGTC CG6ACGTCCS 6AC6TCACC6 TGCTG 

Sequence No, : 36 

Lenoth of sequence: 45 

Type of sequence: Nucleic aold 

Type of Chain : S I no I e-stranded 

Topology: Linear 

Kind of sequence: Other nucleic ac^d; synthetic ONA 
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Paaturod of sequence: P: Contairtd palindrome C6ACGTC) 
ACC6ATGAC6 TC6C6ACGTC C66ACGTCC6 GACGTCACC6 ACGTC 

Soq.uenoe No. : 37 

Long th of oo.quenca: 30 

Type of sequence : Nucleic acid 

Type of chain: Sinele-stranded 

Topoloey: Linear 

Kind of seeuenee: Other nucleic acid; synthetic DNA 
Features of ssqusnce: P: Contains .pal Indrome (GACGTC) 
GACGTCfiACG TCSACGTCfiA CGTCGACGtC 

Sequence No • : 38 

Lsngth of sequence; 30 

type of sequence: Nucleic acid 

Typs of chain: Sins I ers trended 

Tdpclosy: Linear. 

Kind of sequanoe: Other nucleic acid; synthetic ONA 
Features of sequence: P; Contains palindrome (CACGT6) 
CACGTGCAC6 tGCACGTGCA CGT6CACGT6 

Saquencft No. : 39 

Leristh of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Sineie**9trandqd 

Tcpo looy : Linear 

Kind of caqusnea: Other nucleic acid; synthetic ONA 
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Poaturas of sftquonce: P: Contains palindrome (AACGTT) 
AACQTTAACG TTAACGTTAA CGTTAACGTT 

Sequence No , : 40 

Lenoth of sequence: 30 

Type of seauenca: Nucleic acid 

Typo of chain: SIna le-st randed 

Topoiosy* Linear* 

Kind of aeou^nce: Other .nuci e I c acid; synthetic DNA 
Features of sequence: P: Contalna palindrome (GC6C6C) 
6C6C6C6C6C 6C6C6CGCGC GCGCQCGC6C 

Sequence No . : 41 

Length of sequanco: 30 

Type of sequence: Nuelatc aoid 

Type of chain: S i na 1 e-atranded 

Topoloay: Linear 

Kind, of aequanoe: Other nuefalo acid; aynthetfo DNA 
Featurea of aaquence: P: Containa pal Indrone (ATATAT) 
ATAJATATAT ATATATATAT ATATATATAT 

Sequence No. : 42 

Lanath of aaquence: 4S 

Typo of sequence: Nucleic acid 

Type of chain: .Double- Stranded 

Topology: Linear 

Kind of aaquence: Othor nuclelp adid; synthetic DNA 
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Features of sequence: P: Contains pa I i nd rqme .(6ACGTC) 
5'-ACC6ATGACG TCGCCGGTGA CGGCACCAC6 ACGGCCAGCG T6CTG-3 
3'-TGGCTACTGC A6CGGCCACT GCC6T6GTGC T6CC66TG6C AC6AC-5 

Sequence No . :43 

Length of sequence: 30 

Type of sequence: Nueiei« acid 

Type of ohain: S i ne i e-s t randed 

Tepoloey.: Linear 

Kind of sequence: Other nuolelo acid; synthetio DNA 
Features of sequence: P: Contains palindrome (6ACQTC) 
6666666GGG 66GACGTC6G GG6GGGGGGG 

Sequence No. : 44 

Lenot.h of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topoiofly: Linear 

Kind of sequence: Other nucleic add; eynthetic DNA 
Features of se^ueiice : P: Contains pa I indrome (6AC6TC) 
AAAAAAAAAA AAGACGTCAA AAAAAAAAAA 

Sequence No. : 4S 

Leneth of eequenoe: 30 

Type of sequence: Nucleic acid 

Type of chain: SI ne I e-^a trended 

Topolooy : LIneer 
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Kind of seauencd: Other nucleic acid; synthattc ONA 
Features of ..sequence: P: Contains pal indrome (GAC6TC) 
TTTTTTTTTT TTGACQTCTT T7TTTTTTTT 

Sequence No . : 46 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chai n: Sins I e*-8tran.ded 

Topoloey: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains pa I i hd ro^^mq (GACGTCX 
CCCCCCCCCC CCGACfiTCCC CCCCCCCCCC 

Sequence. No • : 47 

Lensth of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Si ns i e^st randsd 

Topoleey: Linear 

kind of sequence: Other nueleio acid; synthetic DNA 
Features of sequence: P: Centsins pa I i ndroma.CGAOGiTC) 
6C6C6C6C6C 6C6AC6TCGC 6CGC6CGC6C 

Sequence No • : 48 
Lanath of sequence: 30 
Type of sequence: Nueteie acid 
■ Type of chain: Sine le-stranded 
Topoiosy: Linear 
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Kind of Sdquance: Other nuclaic acid; synthetic ONA 
Features of sequence: P: Contains paiindrome (GACGTC) 
GAGAGAGAGA GAGACGTCGA GAGAGAGA6A 

Satiuence No . : 49 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nueleio aoid; synthetic ONA 
Features of sequence: P: Contains palindrome (C6ATC6) 
ACC6ATC6AT C66CC66T6A CGGCACCACG 

Sequence No . : 50 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topo I ogy : L i near 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (ATCGAT) 
ACCQATATCG ATGCCGGTGA CGGCACCACG 

Se<iuence No. : 51 

Length of sequence: 30 

Type of sequence: Nuoleio acid 

Type of chain: 5 i ns I a-^s tranded 

Topology: Linear 
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Kind of sequencq: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (TCGCGA) 
ACCGATTCGC GAGCCGGTGA CGGCACCACG 

Sequence No . : 52 

Length of sequence; 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome CGC6CGC) 
ACCGATGCGC GCGCCGGT6A CGGCACCACG 

Sequence No . : S3 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i ng I e^^st randed 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (CGTACG) 
ACC6ATCGTA CG6CCG6TGA .CGGCACCACG 

Sequence No . : 54 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: .Single-stranded 

Topology: Linear 
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Kind of sdquehca: Other nucisic acid; eynthotie ONA 
Features of sequence: P: Contains palindrome CA6C6CT) 
ACq6ATAGCQ CTGCCQQTGA C6GCACCACG 

Sequenc a No . : 55 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Sine I e*stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains palindrome (CGGCCG) 
ACCGATCGGC CGGCCGGTGA CGGCACCACG 

Sequence No . : . 56 

Laneth of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: SI ng 1 e^^stranded 

Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic QNA 
Features of sequence: P: Contains palindrome CGTCGAC) 
ACCGAT6TC6 ACGCCGeTGA CGGCACCACG 

Sequfltnoe No . : 57 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Sing le*-stranded 

Topology: Linear 
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Kind of sequence: Other nucleic dcld; synthetic ONA 
Features of soquenoe: P: Contains pa i i ndrome (CQCGCG) 
ACCGATCGC6 CG6CCGGT6A CGGCACCACG 

Sequence No • : 58 . 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: SI ne I e-s t randed 

Toooiooy: Linear 

Kind of sequence: Other nucleic ac I d ; syn the t I c ' ONA 
Features of sequence: P: Contains palindrome CACGCGT) 
ACC6ATAC6C 6TGCC66TGA CGGCACCACG 

Sequence No.: 59 

Leneth of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S I no le-stranded 

Topoloey: Linear 

Kind of sequence: Other nucleic acid; synthetic ONA 
Features of sequence: P: Contains pallndroae (AA6CTT) 
ACC6ATAAGC TT6CCG6T6A CGGCACCACG 

Sequence No . : 60 

Leneth of seeiienee: 30 

Type of sequence: Nuolelo acid 

Type of chain: S I n» I e-s t randed 

Topoloey: Linear 
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Kind of sequenoo: Other nuelai.c acid; synthetic ONA 
5 Features of sequence: P: Conta i ns Pa I i ndrome (TTATAA) 

ACCGATTTAT AAQCCQGT6A CGGCACCACG 

Sequence No « : 61 
Uono t h 0 f sequence : 30 
IS Type of sequence: Nucleic acid. 

Type of chain: S Ing I e*s t randed 
Topo i ogy : Li near 

ao 

Kind of sequence: Other nucleic acid; synthetic ONA 
Fpaturea of sequence: P: Contains palindrome CTATATA) 
25 ACC6ATTATA TAGCCGGTGA CGGCACCACG 

Sequence No* : 62 
Length of sequence: 30 
Type of sequence: Nucleic acid 
35 Type of chain: Sf ngie*strahd«d 
Topology: Linear 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of sequence: P: Contains palindrome (AGTACT) 
ACCGATAGTA CTGCC66TGA CGGCACCACG 

Sequence No« : 63 
Length of sequence: 3.0 

so 

Type of sequence: Nucleic acid 
Type of chain: SI no t e-^stranded 
S8 Topclogy: Linear 
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Kind pf 9equence: Other nucleic acid? synthetic DNA 
Features of seQuence: P: Contains palindrome (QAATTC) 
ACCGATGAAT TCGCC66TGA CGGCACCACG 

Saauence No . : 64 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: S i ne I e-s t r ended 

Topo 1 oay : L t near 

Kind of sequence: Other nucleic acid; synthetic DNA 
Features of seauence: P: Contains palindrome CCTQCAG) 
ACCGATCT6C AGGCC66TGA CGGCACCACG 

Sequence No . : 65 

Length of sequence; 30 

Type of isequenoe: Nucleic acid 

Tvpe of chain: Sine I e-s trended 

Topology: Linear 

Kind of sequence: Other nucleic add; synthetic DNA 
Features of sequence: P: Contains palindrome (AAATTT) 
ACC6ATAAAT TTGCC66T6A CGGCACCACG 

Sequence No. : 66 

Length of sequence: 30 

Type of sequence: Nucleic acid 

Type of chain: Single-stranded 

Topology: Linear 

Kind of sequence: Other nucleic aoldJ synthetic DNA 
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Features of sequence: P: Contains pa I i nd rome (CCTAGG) 
ACC6ATCCTA 6GGCC6GTGA CGGCACCACG 



Claims 

1. An immunostimulatory remedy containing, as the active Ingredient, a single-stranded, linear polydeox- 
yrlbonucleotide with a base number of 10 to 100 containing at least one structure represented by the 
following general fonnufa: 

y-X„ • • -XaXaX, Y, Y^Ya • • • Y«.3' (I) 

( wherein n is an integer from 3 to 50: Xi. Xj. Xa. X,. and Y,, Yj. Y3. Y„ are each a 
moncdsoxyribonucleotide: Xt , Xj, Xj. • • • and X« may be the ^e or different nucleotides; and bases 
in Xi and Yt. in Xz and Ya, in Xa and Y3, in and in X,. and Y, are complementary with each other 
as defined by Watson & Crick ) or a salt thereof. 

2. An Immunostimulatory remedy containing, as the active ingredient, a douWe-stranded. linear polyi^eox- 
yribonucieotide or a salt thereof, in which at least one single-stranded, linear polydeoxyribonucleotide 
contains at least one structure represented by the general formula (I), 

3. An immunostimulatory remedy as described In Oalm 1 or 2. wherein x/in the general formula (I) is 
deoxyguanylic add or deoxycytidytic acid. 

4. An immunostimulatory remedy as described in Oaim 1 or 2, wherein the stwcture represented by the 
general formula (I) is S'-GACGTC-3' ( wherein Q is deoxyguanyRc acid. A ts deoxyadenyiic acid. G is 
deoxycytidylic add, and T is deoxythymidylic acid ). 

5. An immunostimulatory remedy as described in Claim 1 or 2, wherein the structure represented by the 
general ftonmula (I) is S'-AGCGCT-a* ( wherein G is deoxyguanylic acid. A Is deoxyadenyiic acid, G Is 
deoxycytidyfic add. and T is deoxythymidylic add ). 

8. An immunostimuiatDry remedy as described In Qaim 1 or 2. wherein the strocture represented by the 
general fomiula (I) is 5'-GATATC-3' ( wherein G is deoxyguanylic add. A is deoxyadenyiic add, C is 
deoxycytldylic add. and T Is deoxythymidyfic add ). 

7. An immunostimulatory remedy a^ described In Claim 1 or 2 . wherein the stnjcture represented by the 
general fomiula 0) is 5'*AGGCCT-3' ( wherein G is deoxyguanylic add. A is deoxyadenyiic add, C is 
deoxycytidyifc add, and T Is deoxythymidylic add ). 

8. An immuostimulatory remedy as described In Oaim 1 or 2. wherein the stnicture represented by the 
general formula (0 Is 5'-ACQCGT-3* ( wherein G is deoxyguanylic add. A is deoxyadenyiic add. C is 
deoxycytidyHc add. and T is deoxythymidylic add ). 

9. An Immunostimulatory remedy as described in Claim 1 or 2. wherein the stnicture represented by the 
general formula (I) is 5*-CGATCG-3* { wherein G is deoxyguanylic add, A is deoxyadenyiic acid. C is 
deoxycytldylic add, and T Is deoxythymidylic add ). 

10. An Immunosflmulatory remedy as described In Claim 1 or 2 , wherein the structure represented by the 
general formula (0 is 5'-ATCGAT-3' ( wherein G Is deoxyguanyRc add. A is deoxyadenyiic acid. C :s 
deoxycytidync add, and T Is deoxythymidylic add ). 

11. An immunostimulatOfy remedy as described In Claim 1 or 2 , wherein the stmcture represented by the 
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general formula (I) is 5'-TCGCGA-3' ( wherein G is deoxyguanylic acid. A is dBO)cyadenylic acid. C is 
' deoxycylidylic acid, and T is deoxythymidylic acid ). 

12. An Immunostimuiatory remedy as described in Claim 1 or 2. wherein the structure represented by ^® 
5 general formula (1) is 5'-AACGTT-3' ( wherein G is deoxyguanylic acid. A is deoxyadenylic acid, C is 
deoxycytldyllc acid, and T is deoxythymidylic acid ). 

" 13. An immunostimuiatory remedy as descriiDed in Claim 1 or 2 , wherein the stmcture represented by the 
general formula (I) is S'-GCGCGC-T ( wherein G is deoxyguanylic acid, and C is deoxycytidylic acid ). 
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14. An" immunostimuiatory remedy as described in Claim l or 1, wherein the structure represented by the 
general tomiula (I) is 5*-CGTACQ-3* { wherein G is deoxyguanylic add. A is deoxyadenylic acid, C is 
deoxycytldyttc acid, and T is deoxythymidylic acid ). 

7S 15. An immunostimuiatory remedy as described in Cl^m 1 or 2 . wherein the structure represented by the 
general formula (l) is 5'-CGGCCQ-3' ( wherein G is deoxyguanync acid, and C is deoxycytidylic acid ). 

16, An immunostimuiatory remedy as described in Claim 1 or 2 . wherein the structure represented by the 
general formula (I) is 5'-GTCGAC-3' { wherein G is deoxyguanylic acid. A is deoxyadenylic acid, C is 

20 deoxycytidylic acid, and T is deoxythymidylic actd ). 

17. An Immunostimuiatory remedy as described in Claim 1 or 2 . wherein the structure represented by the 
general formula (1) is 5*-CQCQCQ-3* ( wherein G is deoxyguanylic add, and C is deoxycytidylic add ). 

25 18. An immunostimuiatory remedy as described in any of Claims 1 through 17 . wherein the portion except 
the structure represented by the general formula (I) Is the repeated structure of deoxyguanylic acid. 

19. An Immunostimulatocy remedy as described in Claim 1 or 2 . wherein the structure represented by the 
general formula (I) contains at least one structure of 5*-CG-3' ( wherein G is deoxyguanylic add. and C 

30 is deoxycytidylic acid ). ' 

20. An immunostimuiatory remedy as described in Claim 19 . wherein the portion except the structure 
represented by tiie generagi formula (I) is ttie repeated structure of deoxyguanylic add. 

35 21. An immunostimuiatory remedy as described in any one of Claims 1 to 20, for the relief of malignant 
tumors, infectious dleases. immunodefidency diseases and autoimmune diseases. 
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